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This invention relates to inprovenents in l^ydraulio 
shock absorbers and partieularlor to the two irajr, direct act<- 
type of shock absorbers • 

It is . among the objects of the present invention to 
provide a l^aolic shook absorber adapted to control both the 
approaching and separating movements of two relativdy movap* 
ble asnibers such as the fjrame/and. axle of a vehicle. The 
shock absorber is particularly adapted to provide the neces- 
sary resistance to movements in either direction from its 
dead center or nonnal load position^ . and comparatively higher 
resistance 'while moving through a predetermined final portion 
of its range of movement in either direction. 

A further object of the' invention is to provide a 
hydraulic shock absorber having "eoopresslon*' or approaching 
and •'rebound « or separating novemenbs, said shock absorb 
during its ^oonqpression strdke** from nonnal load position 
pxHividii^ the desired resistance to moventtnts for a predetei^ 
mined portion of such stroke and then a comparativeily hi^er 
resistance for ths remaining and final portion of its com- 
pressioa stroke. When moving from normal load position 
through its rebound stroke^ the shock absox4>er provides the 
necessary resistance to movement through a predetermined 
portion of this stroke and then through the final remaining 
portion of the rebound stroke it pzovidee an Increased ra-« 
sistance. This increased resistance may not neceiasarily be 
equal to the resistance offered during the final stage of 
the compression stroke. 

Further objects and advantages of the present inven- 
tion will be apparent trom the following description, reference 
being had to the accooqpanying drawing, wherein a preferred 




embodiment of the present invention is clearly shoim* 

IN THE DRASITING: 

Fig* 1 is a broken longitudinal sectional view of a 
shook absoAer constraeted in accordance w*.th the present 
invention, the piston being shoim in its extreme "compres- 
sion stroke** position. 

Pig* 2 is a fragmentary sectional view showing the 
piston in the ''normal load" or intermediate position. 

Fig. 3 is a fragmentary sectional view showing the 
shock absoxter piston in the position in which it is start- 
ing the final portion of its "rebound stroke" movement dur- 
ing which increaae resistance is loovlded. 

Fig. 4 is a fragmentary sectional view of a modified 
form of control mechanism. 

Referring to the drawings, the working cylinder of 
the shock absorber is designated by nmssral 20, this ^Under 
being provided with end closure menbers, the m designated 
by the numeral 21 being located at the upper or reibound end 
of the cylinder 20. This end closure meiriber 21 has a central 
aperture providing a bearing and guide member for the piston 
rod 22# The larger diameter portion of the end closure member 
21 is exteriorly threaded *to be received by the interiorly 
threaded end of the reservoir tube 23 surrounding the working 
cylinder 20 and providing the annular space or reservoir 24 
about the cylinder 20. The outer end of the closure member 
21 is recessed for receiving a centrally apertured cup 25 
which contains a resilient packing 26 urged Into sealing en- 
gagement with the retainer cup 25 and the surface of the platen 
rod 22 extending through the packing by a spring 27 interposed 
between the end closure 21 and a pressure ring 28 engaging the 
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packixig 26. A suitable sealing mechanism 29 is provided in 
the reservoir space 24 and engages the tube 23 and the clo- 
sure member 21 to seal their line of contact against fluid 
leaks* The end closure member 21 has an annular extension 
30 which projects into the end of the cylinder 20, Sur- 
rounding this extension 30 is one portion of a retainer 
collar 31 having an outwardly extending flange 32* This 
collar 31 fits snugly about the extension 30 of the end 
closure member and also into the cylinder 20, the flange 32 
being engaged by the outer end of the cylinder and held 
tightly against the closur9 member by said cylinder. 

An abutment ring plate 35 is secured to the outer 
end of the clpsure member 21 by screws 36. The outer end 
of the piston rod 22 extending outside f>he shock absorber 
has a disc 34 secured thereto and a mounting ring 37 by 
means of idiith this end of the shock absorber may be at- 
tached to one of the two relatively movable members whose 
movement the shock absorber is adapted to control* When 
installed on a motor vehicle this mounting ring 37 is usually 
secured to the frame of the vehicle. Disc 34 is exteriorly 
threaded to receive a ring 3^ to which the dust cover tube 
3 9> surrounding the reservoir tube 23, is attached in any 
suitable mjanner. Inside the disc 34 there is secured a resil- 
ient bumper ring 40 which is adapted to engage the plate 35 
vdiile the shock absorber is moved toward the final extremity 
of its compression stroke • The dotted lines on the left side 
of Fig. 1 shows the normal shape of this bumper ring ^en not 
engaging the abutment plate 35, the right side portion of the 
ring 40 in Fig* 1 showing its shape when engaging and compressed 
against the abutment ring 35 as piston reaches its extreme end 
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of the compression stroke. This bumper ring W) prevents 
damaging by bottoming of the piston upon the lower cylin- 
der closure member which may happen under extreme condi- 
tions. 

5 The inner end of the annular extension 30 of 

the end closure member 21 is recessed as at 45. The 
flanged collar 31 has an inwardly extending flange 46 
which rests against the inner end of the extension 30. 
another smaller diameter cylindrical portion 47 of said 
10 collar forming a cylinder equal in diameter of the recess 
45. This tubular portion 47 of the collar has an inwardly 
extending annular flange 4d providing an abutment stop 
engaged by an outwardly extending flange on a collar 49, 
which collar surrounds and is secured to a sleeve 50, one 
15 portion of which slidably engages the piston rod 22. Sleeve 
50 has an outwardly extending flange 51 foming an abutment 
for one end of a spring 52 the other end of the spring rest- 
ing against the flange portion 46 of the collar 31. This 
construction provides a telescoping mechanism supported upon 
20 the end closure member 21 by the cylinder 20. The collar 

49 and sleeve 50 attached together may move slidably relatively 
to the collar 31 against the effect of the spring 52 to hold 
them in extended position as shown in Pig. 1. Sleeve 50 with 
its collar 49 may move inwardly of the collar 3I and *he 
25 recess 45 in end closure member 21 until the inner ends of 
the sleeve 50 and its attached cbllar 49 engage the bottom 
or inner surface of the recess 45. The sleeve 50 is so con- 
structed as to provide a recess 55 in its outer end. This 
recess is vented by openings 56 in the bottom of the recess 
30 idiich communicate with an annular groove in the collar 49. 
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Openings 57 in collar 49 coauounicate with the annular groove. 
Thus any fluid ^ich may be trapped within the recess 50 as 
will later be described may be exhausted through the fluid 
passage consisting of openings 56, annular groove in collar 
49 and openings 57* 

The lower end of the reservoir tube 23 has a closure 
cap 60 secured thereto in any suitable manner. A mounting 
ring 61 is provided by this cap, this mounting ring being 
secured to the axle of the vehicle t^en the shock absorber 
is installed thereupon. End closure cap 60 has spaced dents 
providing abutment areas or sections 62 upon which the end 
closure meoiber 65 rests* This end closure meniber 65 tele«* 
scopically fits into the lower end of the work cylinder 
21 which may be temed the compression end of this cylinder, 
conQ>re8sion end meaning that in operation as the piston 
moves toward this end of the cylinder, the springs of the 
vehicle upon which the shock absorber is assembled are 
moving on their compression stroke, the other end of the 
cylinder is termed the rebound end for as the piston moves 
toward the upper end of the cylinder, the vehicle springs 
are rebounding and causing a separation between the frame 
and axle of the vehicle to idiich the shock absorber is 
attached. 

For purposes of this description, the cylinder 
chamber between the piston and the end closure member 21 
may be referred to as the rebound control chamber 20R while 
the chamber in the cylinder between the piston and the end 
closure member 65 may be termed the compression contz*ol 
chamber 20C. The end closure member 65 has a plurality of 
valved passages providing controlled Mmmunicat ion between 




-6- 



492a 



the cylinder chamber 200 and the reservoir 24. One group 
of these passages designated by the numeral 66 is normaUy 
closed by a valve 67 urged upon annular ridge or valve 
seats on the inner or cylindrical side of the closure mem- 
5 ber 65 by a comparatively light spring 66. This valve 67 
may be tenned the intake or replenishing va^ye. 

Radial passages 69 connect a central passage 70 
with longitudinal channels 71 in the face of the closure 
member engaging the cylinder 20. so that chamber 20C is 
10 in communication with the passage 70 through the longitudi- 
nal channels or grooves 71 and the radial passages 69. 
A pressure relief valve 72 is urged normally to close pas- 
sage 70 by a spring 73. said valve 72 however being movable 
by a predetemined fluid pressure in passages 69 to open 
15 communication between the central passage 70 and the space 
in the end closure cup 62 beneath said end clx>8ure member 
65 which space is in constant communication with the reser- 
voir 24 as shown in Fig. 1 on the left hand side, the right 
hand side portion of the section showing the end closure 
20 member 65 resting upon one of the abutment lugs 62. 

The closure member 65 haa a cylinder extension 75 
fitting and extending into the cylinder, said extension 
being of a predetennined length and interior diameter which 
is predetemiinately less than the interior diameter of the 
25 cylinder 20. Thus the cyUnder extension 75 provides a 
reduced diameter portion of a predetermined length at the 
bottom or compression end of the worklnT cylinder 20. An 
orifice 76 of predetermined fluid flow capacity so as to 
provide the desired restriction to fluid flow therethrough, 
30 connects the central passage 70 containing the valve 72 
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with the interior of the cylinder chamber 20C, 

As has previously been stated, the piston rod 22 
extends from the exterior of the shock absorber slidably 
through the rod guide on the end closure 21 and thjrough 
the sleeve 50 into the interior of the cylinder chamber 20R. 
This piston rod has a reduced diameter portion 80 thus form- 
ing a shoulder 81 on said rod, the outer end portion of 
said reduced diameter portion 80 being exteriorly threaded. 
A collar 82 fits upon the rod portion 80 and abuts against 
the shoulder 81 thereon. This collar has an outwardly ex- 
tending flange 83, the surface of nAich facing the cylinder 
chamber 20R being provided with two spaced and concentric 
annular ridges between which holes 86 are provided in spaced 
relation, these holes forming fluid passages through this 
annular flange which forms the seat for the compression 
control valve 87 which is a ring-shaped disc fitting loosely 
about the collar 82 and which is yieldably urged to rest 
upon the annular ridges or valve seats on flange 83 to close 
the openings 86, by means of a spring 88 interposed between 
said disc valve 8? and an abutment ring 89 secured to the 
collar 82 in any suitable manner. A plurality of radial 
openings 90 each communicate with a passage 91, these pas- 
sages terminating in an annular groove 92 provided in the 
face of the collar 82 adjacent the main body portion of the piston 
95. This main body portion of the piston is centrally apertured 
to fit over the piston rod portion 80, the upper end of the 
piston abutting against the flanged end of the collar 82. 
Piston 95 has a plurality of through passages in its body por- 
tion, one group being arranged in an outer circular row, the 
other in an inner circular tow. The inner row of passages 



49200 



|: ■ designated by the- numeral 96 communicate vdth the annular 

' groove 92 in the valve seat collar or member 32. The oppo- 

f ■ site ends of this group of openings 96 are normally closed 

by a resilient ring-shaped disc valve 96 which may consist 
* 5 • of one or a plurality of resilient sheet metal discs urged 
normally to engage the piston, body by an abutment collar 
'. 99 which is pressed against the disc valve 9d by a spring 

100 interposed between the abutment ring 99 and a collar 

101 threaded upon the rod portion dO. The inner end of 

10 collar 101 engages the disc valve 9« and presses it against 
the piston 95, the piston against the valve seat collar or 
member 62 and the latter against the annular shoulder 81 
on the piston 22. Thus all these portions of the piston 
are tightly clamped and held in position on the piston rod. 
15 The disc valve 98 yieldably maintained upon the piston by 

spring 100 thus normally closes the exit ends of the passages 
96, all of which are in coimnunication with respective pas- 
sages 91 and radial openings 90 in the collar 82. 

Piston 95, as has previously been mentioned, has 
another group of passages 105 arranged in an outer annular 
row about>ssage8 96, each of the passages 105 communicating 
with a cooperating passage 86 in the flange 83 of the collar • 
82. The discharge ends of the passages 105 - 86 are closed 
by the disc valve 87 yieldably urged upon its seat by the 
spring 88. Thus passages 86 and 105 provide for the transfer 
of fluid from one side of the piston to the other or from 
the chamber 200 to chamber 20R of the working cylinder in 
response to reciprocation of the piston domawardly, passages 
96 and their respective valve 99 becoming active to transfer 
. fluid from chamber 20R to chamber 20C as the piston moves 
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upwardly on its rebound stroke toward the end closure member 
21, and the passages 105 and their control valves 87 becoming 
active when the piston moves downwardly on its compression 
strolce or toward the member 65 • 

The main body portion of the piston 95 is no1> only 
secured to the piston rod by the clamping screw collar 101 
but it is also supported on said rod by a flanged disc 110 
which has a hub 111 threaded upon the reduced diameter por- 
tion $0 of the rod and having an annular outer flange 112 
which extends and snugly fits into the end of the skirt 
portion of the piston 95. A series of openings 113 are 
provided in the annular flange 112. The outside diameter of 
a part of the annular flange 112 is predeterminately less 
than the inside diameter of the cylindrical extension 75 
on the end closure member 65, thus when said member 110 is 
moved into the cylindrical extension 75 on the compression 
stroke of the shock absorber as shown in Fig. 1, a predeter* 
mined clearance space Is provided between the contiguous 
surfaces of the element 110 and the tubular extension 75* 
On the outer end surface of element 110, or more particxilarly 
to that surface exposed to the compression chamber 20C of 
the work cylinder, there is provided an annular ridge form- 
ing a seat for the valve 116. This valve is yieldably urged 
normally to engage disc 110 by a spider spring U? anchored 
to the hub portion 111 of the element 110 and therefore to 
the piston rod portion SO* A series of openings llS are 
provided in the valve member 116 within the confines of the 
aimular valve seat on disc 110 and normally engaged by valve H6, 

Valve member 116 has depending cylindrical flange 120 
having an outside diameter so that said flange 120 will slidably 
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fit and enter the cylindrical extension 75 on the closure 
member 65 as shown in Fig. 1. When the piston is at the 
extreme compression stroke position, as shown in Fig. 1, 
the openings 113 are not completely covered by the cylin- 
drical extension 75 thus at no time are these openings 
closed. 

As stated in the objects of the invention, the 
present shock absorber is designed so that as the piston 
95 is reciprocated in either direction from its intermediate 
or normal load position as shown in Pig. 2, a normal resis- 
tance to the flow of fluid within the shock absorber and 
therefore a normal resistance by the shock absorber to 
the movements of the two relatively movable members be- 
tween which it is connected is provided. This normal re- 
sistance exists only for a predetermined portion of each 
stroke, that is, for a predetermined portion of the upward 
or rebound stroke or the downward or compression stroke 

of the piston. 

As further stated in the objects of the invention, 
as the piston moves through a predetermined final portion of 
each stroke, the restriction to fluid flow is increased 
and thus the resistance offered by the shock absorber is 
correspondingly incjreased. 

During operation of a vehicle over a comparatively 
smooth roadbed, the shock absorber is maintained so that 
its piston moves within the intermediate or normal load 
sone. When the road wheels of the vehicle strike an ob- 
struction in the roadbed, the axle is thrust upwardly and 
therefore the portions of the shock absorber secured to the 
end closure cup 62 move upwardly. This results in a downward 
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movement of the piston 95 within the cylinder 20 or a move- 
ment of the piston through its compression stroke thereby 
exerting pressure upon the fluid within the working chamber 
20C of the shock absorber. The fluid pressure within the 
5 chamber 20C acting through the openings 113 in the support- 
ing disc 110, the interior of the piston 95 and through the 
passages 105*-86 of the piston will move valve ^7 from its 
seat to establish a controlled transfer of fluid from cham- 
ber 20C to the chamber 20R, the valve 67 providing a certain 

10 restriction to this transfer of fluid and thus causing the 
shock absorber to offer a certain relative resistance to 
approaching movements of the elements between which the 
shock absorber is connected* Chamber 20R, being occupied 
by the piston rod 22, will not be able to receive all of 

15 the fluid displaced in chamber 20C by the piston and con- 
sequently fluid displaced by the piston rod 22 will exert 
px^ssure through the channel 71 in the end closure member 
65 » radial passage 69 and central passage 70 against the 
valve 72 which at a predetermined fluid pressure in passage 

20 70 will be moved to establish a restricted fluid flow from 
chamber 70 past the valve 72 into the space within the end 
closure cap 62 and into the reservoir 2k. lifhile the 
piston moves from its intermediate or normal load position 
on its compression stroke to the point at which the annular 

25 flange portion 120 on the piston enters the cylindrical 

extension 75 9 the normal flxiid flow restriction and conse- 
quently normal resistance by the shock absorber to movement 
will obtain. However, as soon as the tubular extension 120 
on the element II6 carried by piston 95 enters the cylindri* 

30 cal extension 75 on the closure member 65, fluid in the 
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chaniber 150 formed by the flanged member 116 and the cylin- 
drical extension 75 will be trapped therein, its only means 
of egress from said fluid trapping chamber 150 being through 
the orifice 76. Now while the piston is moving downwardly 
5 to slide element 116 from its entrance position into the 
cylindrical .extension 75 to the extreme position as shown 
in Pig. 1, fluid in the trapping chamber 150 is being forced 
through the orifice 76 into the central chamber 70 from 
whence one portion, substantially equal to the fluid portion 
10 displaced by the rod. passes valve 72 on its way to the 

reservoir. Ihe remaining portion of the fluid in chamber 
70 flows through radial passages 69 and channels 71 into 
chamber 20C from whence it, plus the amount of fluid dis- 
placed by the surplus area of piston 95 over member 116 
15 passes through 113. 105. 86 and by valve 87 to fill the 

void in the expanding chamber 20R. Any damaging bottoming 
of the annular flange portion 120 of element il6 upon the 
closure meniber 65 is avoided by the action of the rubber 
or resilient bumper 40 engaging the plate 35 and being 
20 compressed during this final movement of the piston and its 

associated parts. 

After completion of the compression stroke of the 
shock absorber, the springs on the vehicle will actuate the 
frame and axle of the vehicle with which the shock absorber 

25 is connected thereby causing said frame and axle to separate 
and operate the shock absorber through its rebound stroke, 
m moving from the extreme position as shown in Fig. 1. the 
piston 95, moving upwardly, will exert a pressure upon the 
fluid m chamber 20R, causing said fluid to pass through 

30 radial openings 90, communicating passages 91 and 96, operating 
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the yal7e.98 to move from its seat and peimlt fluid flow 
tlirovi8h the piatoa and but through the aide openings 113 
lnt(> the ezpantllng qyllnder ohamher 20C. Chamber 20C la 
divided into two parts by the element 116 movable with 
,5 . and: aiao' relative to said piston 95V The differential 

volume 20C minus that of chamber 150 beneath 116, In- 
. . oreasea at too low a rate,, as the piston 95 moves upward- 
. ly to absorb all of the fluid flow from bliamber 20P In 
. . response to this piston .moveaa^tV ^Phua the pressure In 

IQ ohamber 20C, above the element ll6» ;i? 6orreiEipondlngly 
Increased and, beln^ directed against element 116^ movea 
It from engagement with the piston against the effect of 
\ • the comparatively light aprlng 117 to establish a flow 
through openings 118 in et^nent 116 and into the expanding 

15 ohamber 150. Since this fluid' flow la not sufficient to 
satisfy or fill chamber 150,- t.he pressure in ohamber 150 . 
is deoreaaed below that ln\ihe rie^erypir 24 resultizig In 
a compensating flow from the reservoir throiagh passages 
66 past valve 6? into aald ohamber 150. This oompensating 

20 flow is iaalntalned until the annular flange or akirt 120 
moves out of the confines of the cylindrical extension 75 
of closure member 65 after which the fluid trapping cham- 
ber 150 is eliminated and the entire space beneath the 
piston becomes the cylinder chamber 20G whose fluid supply 

25 Is replenished by the reservoir through passages 66 and 

past valve 67 as the piston continues on its rebound strolce. 

Hoxmal restriction to fluid flow as offered by 
valve 98 will be maintained until the piaton has moved through 
its rebound stroke so that the collar 82 enters Into the 

30 recess 55 provided by element 50, at which time radial openings 
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90 ara closed completely by said element 50 and tUos the 
entrance ends of communicating passages 90-91-96 leading 
to valve 98 are completely shut off wblle the piston moves 
through the predeteimlned final ranse of movement or its 
rehound stroke governed by the telescoping of the maaber 
50 into the member ^1 and recess U5 in the end closure 
member 21 against the effect of spring 52. During this 
final range of rebound movement of the piston and while 
the entrance openings of passages 90 are closed, the ori- 
fice 151 in the collar 82 will become effective, said 
orifice providing oomnnnloatlon between the chamber 20R 
and a passage 91 of said group of passages. Orifice 151 
Is constantly open for it is beyond the control of the 
element 50 into which this piston portion extends during 
15 this time. The orlfioe 151 Is of predeteimlned size and 
offers a substantially high reatrlotlon to fluid flow, 
it being the only communloatlon between ohamber 20R and 
chamber 200 as the piston moves through this final prede- 
termined range of its rebound stroke. This high restrlo- 
20 tlon to fluid flow thus causes the shook absorber to offer 
comparatively hi^ resistance to the approaching movements 
of the members between which it is connected. 

In installations on certain vehicles It may be 
desirable to increase shook absorber resistance immediately 
25 upon the start of the piston rebound stroke movement from 
its, extreme ocmpresslon stroke position. Fig. 1 shows the 
piston in this extreme position. Fig. 4 shovrs one construc- 
tion which will provide such increased resistance. Here the 
aforedesorlbed element ll6. instead of being a movable valve 
carried by the piston and receivable by the cylindrical 
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extension 75, is a piston 216, integral with the flanged diso 
110 and receivable by the oylindrioal extension 75 of the 
closure member 65. With this construction fluid displaced 
from chamber 20K in response to upv/ard movement of the 
piston 95, must all flow through openings 113, channels 71» 
passages 69 and pass the fluid flow restricting valve 72 on 
its way to the reservoir until piston 216 leaves the confines 
of oyliAdrical extension 75 at which time chamber 150 becomes 
a part of chamber 20G and a compensating fluid flow is estab- 
lished into chamber 20C from the reservoir 24 through passages 
66, past valve 67, at which time valve 72 is rendered inactive 
due to the inability of the rod containing chamber 20R to^ 
satisfy or ccmpletely fill chamber 201? as the piston xooves ^ 
upwardly. While the piston 216 is being moved out of cylinder 

75, valve 67 will be open to permit fluid from the reservoir 
24 to flow into ohamber 150 which is completely isolated from 
chamber 20C during this time excepting the through orifltse 

76, passages 70, 69 and channels 71 1 which will not be appre* 

* 

ciably effective because valve 72 is of considerably lesser 
fluid restriction than orifice 76 and thus the effective flow 
passes valve 72. 

The aforOiFtoing description clearly discloses that 
the present shock absorber is capable of providing a control 
of varying degree to approaching and separating movements of 
the frame and axle of a vehlole between which the shook 
absorber is connected. As said frame and axle move within a 
predetermined intermediate range of movements, the resistance 
offered by the shook absorber is normal. However, when the 
approaching or separating movements of the frame and axle of 
the vehicle reach predetermined extreme zones, the shock 
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absorber Is constructed to provide increased resistance to 
such body and axle movements. These final resistances to 
movements by the sboolc absorber being comparatively greater 
than any resistance offered during movements thereof in its 
inteimediate zone* 

While the embodiment of the present invention as 
herein disclosed, constitutes a preferred foxm, it is to be 
understood that other forma might be adopted. 

What is claimed la as folloivs: 
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1. A hydraulic shock absorber comprising 

in combination, a cylinder having end closure members, a 
piston in said cylinder, having valved passages providing 
for the, controlled transfer of fluid from one side of the 
piston to the other as the piston is reciprocated In the 
cylinder, means movably carried by one closure member, 
said nfeans l>elng operative, as the piston moves through a 
predetermined final range of movement toward said one closure 
member, completely- to close the entrance ends of those pas- 
sage's active during the approaching movement of the piston 
toward said final range, a fluid flow restricting orifice 
in the piston beyoitd- the effective control of said means, 
said orifice providing a constant fluid by-pass into one of 
the passages between said closing means and the valve for 
said passage, and oppositely acting fluid flow controlling 
valves in the other closure member, providing communication 
between the cylinder and a fluid reservoir. 



2. A hydraulic shock absorber comprising 

in combination, a cylinder having end closure members, a 
piston in said cylinder, having valved passages providii^ 
for the controlled transfer of fluid from one side of the 
piston to the other as the piston Is reciprocated in the 
cylinder, a receptacle yleldably supported upon one 
closure member, said receptacle being adapted to receive a 
piston extension .provided with passages commimlcating with 
those passages In the piston through which fluid flows as 
the piston moves toward said *one closure member, entrance 
of said extension Into the receptacle, as the piston moves 
throxigh a predetermined final range of movement toward the 
said one closure member, completely closing the fluid entrance 
ends of said extension passages, fluid flow restricting 
orifice in the extension beyond the reach of the receptacle. 
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said orifice leading Into one of 't;he passages In the extension, 
a fluid- reservoir, and oppositely^ acting valved passages in the 
oilher closure menber connecting the cylinder and reservoir. 

5.. ' A hydraulic shock absorber comprising In 

.* •,••.'1 * 

combination,., a cylinder having, efhd closure members, a piston 

1-n the cylinder ..haying: a rod extending through one closure 
member, .'a plurality of valved passages -.in^he piston providing 
for the oWrpUedUransfer of fluid from on* side of the piston 
to the bther as.qaid piston ip reciprocated in the cylinder, 
m%ans-for 'incrfe^sing the restriction' to the fluid flow through 
the p^«ton as 1-t re^dhes a predeteirmlned point in its approach 
towdrd the ^aid-one alpaure member, said means comprising a 
cup-shaped element ^lldably supported upon the piston rod and en- 
gaging a tubular portion on the closure member through which the 
rod extends, a spring yleldably. vbpglng said cup-shaped element 
into predetermined normal position relatively to said closure 
member, an extension on the piston having passages communicating 
with one group^ of valved passages in the piston, said extension 
being receivable by the cT?p-shaped element to close the entrance 
:. ends of the passages in said extension as the piston moves 
through the predetermined final range of movemen^ toward the 
element supporting closure member, an orifice in said" exten- 
sion beyond the reach of the cup-shaped element, said orifice 
opening into a passage of said one group of passages, a fluid 
reservoir, and valved passages in the other cylinder closure 
member, operative to control fluid flow between the reservoir 
and cylinder in opposite directions. 

4/ A shock absorber In accordance with 

claim 3, in which, however, the means for increasing the re- 
striction to the fluid flow through the piston as It moves through 
a final range of movement toward the said one closure member. 
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consists of telssooploally engaging collars baving a limited 
separating movesient and noimally beld in tbe extreme separated 
position by a spring interposed between said collars, tbe one 
collar being secured to tbe said one closure memberi tbe otber 
collar slidably fitting about tbe piston rod and baring a re- 
cess for reoelTlng tbe piston extension for closing certain 
passages tberein wbile tbe piston mores to telescope one 
collar into tbe otber. 

5. A bydraulio sboolc absorber comprising in 
combination, a cylinder baving end closure members, one of 
wbicb is orificed to communicate vdtb a fluid reservoir, 
fluid displacement means in said cylinder ooiiQrising a piston 
having a plurality of fluid transfer pacreages and a rod for 
reciprocating it, said rod extending tbrougb tbe otber closure 
member, a fluid flow controlling valve yieldably urged upon 
eaob end of tbe piston, each valve nomally, yieldably clo8« 
ing one end of a group of said passages, yieldably expanded, 
telescoping mftans carried by the said otber closure member 
and slidably fitting tbe piston rod, said means being opera-* 
tlve to receive a portion of tbe piston and close tbe group 

of passages normally active as tbe piston moves toward said 
means, an orifice in tbe piston constantly free of said 
me€Uis and communicating witb one of said closed passages for 
establlsblng a restricted fluid flow tbrougb tbe piston as 
it moves to contact said telescoping means, and mean#Tor 
controlling fluid flow tbrougb tbe orificed closure member 
into and from tbe reservoir. 

6. A bydraulic sbock absorber comprising 

in combination, a cylinder provided witb end closure members, 
a piston in tbe cylinder baving a plurality of valved passages 
for controlling tbe transfer of fluid tbrougb the piston in 
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both directions In response to reciprocation thereof, said 
piston having an actuating rod extending through one 
closure member, a fluid reservoir, valved passages In the 
other closure member, operative pfedetermlnately to control 
the transfer of fluid In opposite directions, respectively, 
between the cylinder and reservoir; a cylindrical extension 
of predetermined length on said other closure member, fitting 
Into the cylinder and of predetermlnately lesser Inside di- 
ameter than the cylinder, means supported by the piston and 
operative slldably to fit Into said cylindrical extension 
and form a fluid trapping chamber therein when the piston 
has been moved through a predetermined range toward said 
other closure member, and a fluid restricting orifice In 
said other closure' member connecting said trapping chamber 
with the valved passage operative to deliver fluid from the 
cylinder to the reservoir. 

7, A hydraulic shock absorber comprising 

In combination, a cylinder provided with end closure members, 
a piston in the cylinder having a plurality of valved pas- 
sages for controlling the transfer of fluid through the 
piston in both directions in response to reciprocation thereof, 
said piston having an acttiating rod extending through one 
closure member, a fluid reservoir, valved passages in the 
other closure member, operative predetermlnately to control 
the transfer of fluid in opposite directions, respectively, 
between the cylinder and reservoir, a cylindrical extension 
of predetermined length on said other closure member, 
fitting into the cylinder and of predetermlnately lesser in- 
side diameter than the cylinder, means supported by the piston 
and operative slldably to fit into said cylindrical extension 
and cooperate therewith to form a fluid trapping chamber during 
a predetermined final range of piston movement toward said 
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other closure member, and an orifice of predetermined fluid 
flow restriction providing communication between said cham- 
ber and the reservoir. 

8* A hydraulic shock absorber comprising 

in combination, a cylinder provided with end closure members, 
a piston in the cylinder having a plvirallty of valved pas- 
sages for controlling the transfer of fluid through the 
piston in both directions In response to reclprocat'ion thereof, 
said piston having an actuating rod extending through one. 
closure member, a fluid reservoir, valved passages in the 
other' closure member, operative predetermlnately to control 
the transfer of -fluid in opposite directions i respectively, 
between the cy).lnder and reservoir, a cylindrical extension 
of predetermined length on said oth^r .closure member, fitting 
Into the cylinder and of predetermlnately lesser inside dl- 
.ameter than the cylinder, means sujpported by the piston and 
operative slldably to fit Into said cylindrical extension 
and cooperate therewith to form a fluid trapping chamber, 
the valve.d passage for directing fluid from the reservoir In- 
to the cyllndexTj opening into said chamber and the valved 
passage for directing 'fluldr from the cylinder to the reser- 
voir being 11} commxmlcatlon with .said chamber through a con- 
stantly open, fluid flow restricting orifice in said, other 
closure member • • 

9. A hydraulic shock absorber In accord- 

ance with claim 6, in which, however, the means supported 
by the piston and operative slldably to fit into said 
cylindrical extension and form a fluid trapping chamber 
therein, is a disc valve yleldably urged against the end of 
the piston and operative to move away from said piston and 
establish a fluid flow through the piston and Into said 
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ehm-bhr l.n rewon?e to aoyement. of the pl«ton to withdraw 
said valve means from the cylindrical extension on said 
otber closure meoDiber; 

^ . . • * 
10. A hydraulic shook absorber' oompn sing in 

combination, a cylinder .having end closure members,, a fluid 
reservoir, a cylindrical extension on one. of said clonure mem- 
bers fitting into the cylinder and having longitudinal chan- 
nels in Its outer peripheral surface; a discharge passage in 
said .one plosure member communicating with the said channels 
and the reservoir, noimally "closed by a spring loaded valve 
operative at a predetermined fluid pressure to permit fluid to 
tt^ at a predetermined restricted rate from the cylinder through the 
channels .and passage inta the reservoir, other fluid passages 
in said one closure iottber connecting the reservoir with the 
ammlar space .defined by the cylindrical extension and nomally 
closed by i spnng loaded valve, operative to establish a sub- 
stantially uirestrleted fluid flow from the reservoir Wto the 
cylinder, an orifice In the one closure member providing a con- 
stantly restricted 'cciflrmAloatlon between the cylinder and the 
dlschiarge passage, a rod slldably extending through the other 
end closure mesiber Into the, cylinder, a piston m the cyl- 
inder, said piston comprising a main body portion- carried 
by the rod and a clamping disc threaded to the rod and 
engaging the body portion to hold it in position on said 
rod. the disc having a cylindrical will portion provided 
with openings and being of lesser diameter than the Inside 
diameter of the cylindrical extension on the one closure 
member, the body portion of the pl.ton having valved passages 
providing for controlled transfer of fluid from one side 
of the piston to the other in response to reciprocation . of 
the piston, and a disc valve yleldably urged against the 
clamping disc." said disc valve having an annular flange 

cP3 
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adapted slidably to be received by the said cylindrical ex- 
tension on the one closiu^e member as the piston moves 
through a final predetermined range of movement toward said 
one closure member. 

11. A hydraulic shock absorber comprising 

In combination, a fluid reservoir, a cylinder having end 
closure members , a piston In the cylinder having valved 
passages providing for the transfer of fluid from one side 
of the piston to the other as the piston is reciprocated, 
a rod extending through one of the closure members and se- 
cured to the piston, valved passages in the other of said 
closure members providing for a substantially free flow 
of fluid from the reservoir Into the cylinder and restricted 
flow of fluid from the cylinder into the reservoir in re- 
sponse to piston reciprocation, said other closvire member having 
a cylindrical extension fitting and projecting Into the 
cylinder a predetermined distance, the Inside diameter 
of said extension being predetermlnately less than the cylinder, 
and means for obtaining limited zones of increased fluid flow 
control as the piston approaches either extremity of Its 
strokes in the- cylinder, said means comprising a shut-off 
collar movably carried by the said one closure member and en- 
gageable by the piston for closing the fluid passages therein 
which are normally active as the piston moves toward said one 
closure member and an orifice leading into one of said closed 
passages and by -passing the shut -off collar for effecting a 
substantially restricted flow through the piston as It moves 
through the limited zone approaching said one closure member, the 
means for increasing the restriction to fluid flow through the 
piston diarlng^the movement of the piston through the limited 
zone approaching the said other closure member comprising 
a piston portion slidably received by the cylindrical ex- 
tension on said other closure member to form a fluid trapping 



49 



chamber from which fluid is discharged only through a re- 
stricting orifice connecting said chamber with one of the 
valved passages leading to the reservoir. 

12, A hydraulic shock absorber compris- 
ing in combination, a fluid reservoir, a cylinder having 
end closure members, one of which has valved passages, 
certain of which permit a substantially free flow of 
fluid from the reservoir into the cylinder as the piston 
moves away from said member and another of which permits 
a restricted fluid flow from the cylinder into the reser- 
voir as the piston moves toward said one closure member, 

a valved piston in said cylinder through which a controlled 
flow of fluid may pass In el^ther direction as the piston 
is reciprocated by a rod attached thereto and extending 
through the other closure member, means engaged by the 
piston as it moves through a predetermined final range of 
movement toward said other closure member for closing cer- 
tain piston passages to render them ineffective, a fluid 
restricting orifice in the piston rendered effective solely 
to establish a restricted fluid flow into and through one of 
said passages when closed by means, disc means on the piston 
slldably received by the said one closure member as said 
piston moves through a final predetermined range of move- 
ment toward said one closure member, said disc means and 
closure member cooperating to form a fluid trapping chamber 
from which fluid may be exhausted only through an orifice 
of substantial fluid flow restriction, into one of the 
•valved passages in said member. 

13, A shock absorber in accordance with 
claim 12 in which, however, said disc means is an apertured 
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valve yleldably urged against the pleton to seal the said 
fluid trapping chamber as the piston moves to exert pres- 
sure upon the fluid in said charoberj said disc means being 
.moved from engagement with the piston to provide communi- 
cation between said chamber and the fluid flow passages In 
the piston as said piston is moved to withdraw said disc 
means from the said one closure member. 

14. A shock absorber in accordance with 
claim 12, in which, however, the disc means is a valve 
yleldably urged against the end of the piston, and the 
fluid displacement of the fluid trapping chamber and the 
cylinder chamber containing the piston rod are substan- 
tially equal per unit of piston movement out of embrace- 
ment by the said one closure member. 

15. A hydraulic shock absorber compris- 
ing in combination, a fluid reservoir, a cylinder having 
end closure members, one of which has passages connecting 
the reservoir and cylinder, a piston in the cylinder hav- 
ing a plurality of fluid passages therethrough, a rod 
extending through the other of said closure members'" and 
secured to the piston for reciprocating it, pressure relief 
valves ||[ielddbly iirged upon the piston, one valve control- 
ling the flow of fluid through certain piston passages- as 
the piston is moved toward said one closure member and 
another valve controlling the flow of fluid through the 
remaining piston passages as the piston moves toward said 
other closure member, yleldably extended, telescoping means 
carried by the said other closure member and slldably em- 
bracing the piston rod, said means being engageable by 

the piston during a final predetermined range of piston 
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movement for o]Losing the entrance ends of the platon pas- 
sages controlled by said other nressure rellnf valTC a 
constantly open fluid flow restricting orifice in the piston, 
operative to by-pass the closed entrance end of one of said 
pasBBRes, a valve urged upon said one. closure member and 
operative to effect a substantially unrestricted fluid 
flow from the reoervolr, through certain of the passages 
in said one menOier, into the cylinder" as the piston moves 
away from said one member, a pressure relief valve in 
another passage in said one member, operative to effect a 
restricted fluid f-low from the cylinder into the ressrvoir. 
as the piston moves toward said one closure meniber, a con- 
stantly, open fluid rastriotlng orifice connecting the cyliix- 
d«r with said pressure relief valve containing passage, and 
means t>rovlded on the nlston, operative to cooperate with 
the said one closure member during a final range of piston 
movement toward said one member to foim a fluid trapping 
chamber from which fluid may be ethaueted only through 
the orifice in said one mmnber. 

16. A hydraulic shoolc absorber oaavrislng 

in combination, a cylinder, a' reservoir, a valved piston 
in the cyUnder, a closure member at one end of the cylinder, 
having passages providing canmmnloatlon between the reser- 
voir and cylinder, a valve for certain of said passages, 
operative to pemit restricted fluid flow from the cylinder 
into the reservoir, another valve for the other of said pas- 
sages, operative to permit a substantially unrestricted fluid 
flow from the reservoir into the cylinder, an orifice In the 
closure member constantly connecting the cylinder with said 
certain passages, a cylindrical extension on the closure 
member fitting and extending into the cylinder a predetermined 
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length/ said extension having slots Toiming ports of the 
said certain passages, and a piston extension slidably 
fitting into said cylindrloal extension and foxmlng a 
fluid trapping chamber operatlye to increase restriction 
to fluid flow within the shook absorber as the piston 
extension moves in either direction within the closure 
member extension. 
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